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Purpose of the study: This study aims to develop an Arduino Uno- and
infrared sensor-based automatic timer for uniformly accelerated linear motion
(UALM), evaluate its feasibility, assess student responses, and examine
changes in conceptual understanding.

Methodology: This study employed a research and development (R&D)
approach adapted from Sugiyono’s model. The apparatus integrated an Arduino
Uno R3, four infrared sensors, an LCD, and an adjustable inclined track,
programmed using Arduino IDE. Data were collected from 12 tenth-grade
students through interviews, questionnaires, technical tests, and pretest—posttest
assessments. Analyses included Aiken’s V, descriptive statistics, R?, paired-
samples t-tests using SPSS 22, and normalized gain (N-gain).

Main Findings: The apparatus achieved an overall Aiken’s V coefficient of
0.77, indicating validity according to the study’s criteria. Student responses
reached 91.8%, categorized as very good. Differences between measured and
theoretically calculated travel times ranged from 0.03 to 0.10 seconds, while
comparisons between sensor-based and stopwatch measurements yielded an R?
of 0.9967. Pretest—posttest results showed a statistically significant difference
(p < 0.001), with an N-gain of 0.47, indicating moderate improvement in
conceptual understanding.

Novelty/Originality of this study: This study presents an integrated,
classroom-oriented UALM teaching aid combining an adjustable inclined
track, four infrared sensors, an Arduino Uno R3, and an LCD for automatic
measurement and display of two time intervals. Its originality lies in the
apparatus configuration, practical design modifications, and combined
evaluation of expert validity, technical performance, student responses, and
preliminary learning outcomes in secondary-school physics education.
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1. INTRODUCTION

Physics education requires students to connect theoretical principles with observable phenomena
through meaningful experimentation, measurement, and evidence-based reasoning. Uniformly accelerated linear
motion (UALM) is an important kinematics topic because it involves relationships among time, displacement,
velocity, and acceleration [1], [2]. Understanding these relationships requires more than memorizing
mathematical equations; students must also interpret experimental evidence and relate observations to physical
principles [3]-[5]. Experimental learning provides opportunities for students to test predictions, analyze
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measurements, and develop conceptual understanding through direct engagement with physical phenomena [6]-
[8]. Accordingly, well-designed experimental apparatuses can help bridge the gap between abstract kinematics
concepts and students’ observable learning experiences.

Despite the importance of experimental learning, opportunities to investigate UALM may be limited
when physics instruction relies heavily on teacher explanations and provides insufficient practical learning
media. This issue was identified at State Senior High School 1 Ketanggungan through a physics teacher
interview conducted in July 2026, which indicated limited instructional media and a predominance of lecture-
based teaching. Under these conditions, students may have fewer opportunities to observe motion directly and
connect measured quantities with kinematics principles [9]-[11]. Furthermore, manual time measurement can
introduce practical difficulties when students must simultaneously observe moving objects and record their travel
times [12], [13]. These conditions indicate the need for an accessible experimental apparatus that facilitates time
measurement while supporting students’ conceptual understanding of UALM [14]-16].

To address this problem, the present study develops an automatic-timer-based UALM teaching aid that
integrates an Arduino Uno microcontroller, infrared sensors, an LCD, and an inclined track. The infrared sensors
detect the moving object at designated measurement points, while the Arduino processes the timing information
and displays the results on the LCD [17]-[19]. This configuration is intended to make motion measurements
more systematic and provide students with quantitative data for investigating accelerated motion [20], [21].
Previous research suggests that carefully designed hands-on experiments can support conceptual learning and
help address misconceptions in physics, highlighting the educational potential of practical investigation [22].
However, the value of the proposed apparatus must be assessed not only through its technical feasibility but also
through student responses and changes in conceptual understanding.

Recent studies have explored how physical experiments, digital technologies, and virtual environments
can support students’ understanding of scientific concepts. Flegr et al. [23] examined the combination of real and
virtual experiments, highlighting the potential learning benefits of integrating complementary experimental
approaches. Research published in the Journal of Science Education and Technology has also compared
physical and virtual inquiry-based experiments to investigate their relationships with students’ attitudes and
learning outcomes. Coleman and Hosein [24] investigated preparatory laboratory simulations and their potential
to support conceptual knowledge and student engagement in engineering education. Furthermore, Wang et al.
[25], synthesized evidence on combining real and virtual physics experiments, emphasizing the importance of
examining how experimental configurations relate to learning achievement.

Although previous studies have examined physical experiments, virtual simulations, and digitally
supported laboratory activities, these approaches do not directly establish the educational value of the specific
automatic-timing apparatus developed in this study. Existing research on experimental learning also indicates the
need to distinguish the availability of practical activities from evidence that students develop a deeper conceptual
understanding [24]-[27]. In particular, an apparatus combining an inclined track, an Arduino Uno, infrared
sensors, and automatic time display requires evaluation within the specific context of UALM instruction. Such
evaluation should extend beyond product feasibility to include students’ responses and changes in conceptual-
understanding scores following its use. Therefore, the present study addresses this context-specific need by
examining the apparatus’s feasibility and its preliminary educational outcomes among students at Ketanggungan
1 Public High School.

The novelty of this research lies in the development and evaluation of an instructional apparatus for
uniformly accelerated linear motion that integrates an Arduino Uno, infrared sensors, an automatic timer, and an
inclined plane track. This configuration is designed to facilitate the observation of an object's motion while
simultaneously displaying time measurements on an LCD screen [28], [29]. The integration of hardware and
experimental activities enables students to compare observational data with theoretical predictions regarding
uniformly accelerated linear motion [30]-[32]. The research also demonstrates originality by combining expert
validation, device testing, student feedback, and the evaluation of conceptual understanding into a single
development process. Thus, the contribution of this research does not claim that the use of Arduino or infrared
sensors constitutes a new technology; rather, its contribution lies in the development of the device configuration
and the evaluation of its application in learning, specifically within the context of uniformly accelerated linear
motion.

Developing accessible experimental media for UALM is important because students need opportunities
to connect observable motion with quantitative measurement and conceptual reasoning. This need is particularly
relevant in schools where instructional media and opportunities for experimental physics learning are limited.
Accordingly, this study aims to develop an automatic-timer-based UALM teaching aid using an Arduino Uno
and infrared sensors and evaluate its feasibility as a physics learning medium. It also examines student responses
and changes in conceptual-understanding scores by comparing pretest and posttest results after the apparatus is
used. The findings are expected to provide preliminary evidence of the apparatus’s educational potential and
inform future investigations involving larger samples, comparison groups, and more extensive measurement-
accuracy testing.
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2. RESEARCH METHOD

2.1. Research Design

This study employed a research and development (R&D) approach to develop and evaluate an
automatic-timer-based teaching aid for uniformly accelerated linear motion (UALM). The development
procedure was adapted from Sugiyono’s model and implemented through six stages: initial research and
information gathering, planning, product design and development, expert validation, product revision, and field
testing [33], [34]. A one-group pretest—posttest design was used to obtain preliminary evidence of changes in
students’ conceptual understanding following the use of the apparatus. Product evaluation covered expert-
assessed validity, technical performance, student responses, and pretest—posttest results. The study was
conducted at Ketanggungan 1 Public High School, Indonesia.

2.2. Development Procedures

The development process began with an initial investigation of instructional needs. A physics teacher
interview conducted in July 2026 identified limited learning media and the predominance of lecture-based
instruction in teaching UALM. These findings informed the planning stage, which involved reviewing relevant
physics learning materials, curriculum requirements, and the components needed to construct the apparatus.

During product development, an inclined wooden track, a toy car, adjustable wooden blocks, an
Arduino Uno microcontroller, infrared sensor modules, an LCD, and supporting electronic components were
assembled. Arduino IDE was used to program the microcontroller to detect objects passing the sensors and
display the measured time on the LCD. The adjustable blocks enabled variations in the track inclination during
experimentation.

The prototype was subsequently assessed by expert validators to determine its suitability and identify
aspects requiring revision. The apparatus was revised in accordance with the validation feedback before
proceeding to technical testing and classroom implementation. During the field trial, students were introduced to
the apparatus, completed a pretest, participated in a demonstration and experimental activity, responded to a
questionnaire, and completed a posttest.

2.3. Participants and Sampling

The field trial was conducted with 12 tenth-grade students from classes X8—X10 at Ketanggungan 1
Public High School. Participants were selected using purposive sampling based on their initial physics
competency scores, with the intention of including students with low, moderate, and high levels of prior
achievement. Students who had studied or were studying relevant physics measurement and linear-motion
concepts were considered suitable for the trial. This small-scale implementation was intended to examine the
usability of the developed apparatus and obtain preliminary evidence of changes in conceptual understanding.
The limited sample size and absence of a control group were considered when interpreting the findings.

2.4. Research Instruments and Data Collection

Data were collected through teacher interviews, expert-validation questionnaires, a student-response
questionnaire, conceptual-understanding tests, and technical testing of the apparatus. Table 1 summarizes the
instruments, their purposes, and the data obtained.

Table 1. Research instruments and data collection

Instrument or method Purpose Data obtained

Teacher interview Identify instructional needs and limitations in  Qualitative information about teaching
existing UALM learning media practices and learning needs

Expert-validation Assess the suitability of the developed Expert ratings for validity analysis

questionnaire apparatus using Aiken’s V

Student-response Examine students’ perceptions of the Questionnaire scores and ideality

questionnaire apparatus and its use percentage

Pretest and posttest Assess students’ conceptual understanding Individual test scores and changes in
before and after using the apparatus mean scores

Technical apparatus Examine the operation of the sensors and Measured travel times and comparisons

testing automatic timer with theoretical values

The teacher interview was conducted during the initial research stage and informed the design
requirements. Expert validators assessed the apparatus using the validation instrument provided in the thesis.
Students completed the response questionnaire after using the apparatus; the instrument contained 15 items
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addressing design, operation, and instructional functions. Conceptual understanding was assessed through pretest
and posttest instruments administered before and after the learning activity, respectively.

2.5. Apparatus Design and Technical Testing

The teaching aid consisted of a wooden track, a toy car, adjustable wooden blocks, an Arduino Uno
microcontroller, infrared sensor modules, an LCD, and supporting electronic components. The wooden track was
120 cm long and 13 cm wide, while the adjustable blocks allowed the track inclination to be varied. Arduino IDE
was used to program the microcontroller to detect the passage of an object and display the measured time on the
LCD. The apparatus was tested by measuring travel times and comparing the experimental results with
theoretical calculations under the specified conditions. The original study also reported a friction-related
coefficient of 0.06, indicating that friction needed to be considered when interpreting the motion measurements.

2.6. Data Analysis

The collected data were analyzed according to the purpose of each instrument. Expert-validation data
were analyzed using Aiken’s V, while student-response data were converted into an ideality percentage and
interpreted using the evaluation criteria adopted in the original study. Technical performance was examined by
comparing measured travel times with theoretical values to identify discrepancies between experimental and
calculated results.

For the learning-outcome analysis, pretest and posttest scores were summarized using descriptive
statistics. The original study used the Kolmogorov—Smirnov test to assess normality and Levene’s test to
examine variance homogeneity. A paired-samples t-test was then conducted in SPSS version 22 at a significance
level of 0.05 to determine whether the mean pretest and posttest scores differed significantly [35], [36]. Because
a paired-samples t-test concerns within-participant differences, the final analysis should assess the distribution of
those differences rather than treating Levene’s test as a required assumption.

Learning improvement was additionally assessed using normalized gain (N-gain), calculated as:

=fpﬂiT_fp:‘a 1
g S S (1)

where Sp,m is the posttest score, spre is the pretest score, and 3. is the maximum possible score. The

study interpreted gain percentages of 67-100% as high, 33—66% as moderate, and below 33% as low. The N-
gain result was interpreted alongside the paired-samples t-test to distinguish the magnitude of score improvement
from its statistical significance.

2.7. Ethical Considerations

The available thesis information does not establish whether formal ethical approval, parental consent, or
student assent was obtained. These details should therefore be confirmed from the original research records and
reported in the manuscript according to the journal’s requirements. Any statement about ethical approval or
informed consent should reflect the procedures actually followed during data collection.

3. RESULTS AND DISCUSSION

3.1. Development of the Automatic-Timer-Based UALM Teaching Aid

The developed teaching aid was designed to support the learning of uniformly accelerated linear motion
(UALM) through direct observation and measurement of motion. The apparatus consists of a straight inclined
track, a toy car, four infrared sensors, an Arduino Uno R3 microcontroller, an LCD, connecting wires, sensor
housings, and adjustable supports. The integration of these components enables students to observe motion and
obtain time measurements automatically during experimental activities.

The final prototype is presented in Figure 1. The apparatus uses an inclined track as the path of motion
for the toy car. Four infrared sensors are positioned along the track to detect the car as it passes designated
points. The sensors are connected to the Arduino Uno R3, which processes the signals and controls the display of
the measured time intervals on the LCD. This configuration allows students to obtain measurement data without
relying solely on manual stopwatch operation.
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Figure 1. Final prototype of the automatic-timer-based UALM teaching aid

The measurement system was configured to record two time intervals. The first infrared sensor initiates
the first timing interval, and the second sensor terminates it. The third sensor initiates the second interval, while
the fourth sensor terminates it. The Arduino Uno R3 processes the signals received from the sensors and displays
the corresponding measurement results on the LCD. The hardware configuration of the system is shown in
Figure 2.

Figure 2. Hardware configuration of the automatic-timer-based UALM teaching aid

The prototype underwent several revisions during the development process. First, a user guide was
added to support the operation of the apparatus. Second, the number of infrared sensors was increased from two
to four to enable the measurement of two time intervals. Third, the motorized toy car was replaced with a
manually operated toy car to reduce the influence of motor-generated motion on the experiment. Fourth, the
supporting structure was modified to allow adjustment of the track inclination. Finally, protective housings were
added to the infrared sensors to improve their physical protection during use.

The principal revisions are presented in Figure 3. These modifications were intended to improve the
functionality, usability, and suitability of the apparatus for classroom experiments on uniformly accelerated
linear motion.

(b) (c)
Figure 3. Revisions to the teaching aid: (a) addition of infrared sensors, (b) replacement of the motorized toy car
with a manually operated toy car, and (c) installation of protective housings for the sensors.

Overall, the developed teaching aid integrates motion experimentation, automatic time measurement,
and digital data display in a single apparatus. Its configuration provides students with an opportunity to collect
experimental data and relate the measured time intervals to the characteristics of uniformly accelerated linear
motion. The product was subsequently evaluated through validation and testing procedures, with the results
reported in the following sections.
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3.2. Expert Validation of the Teaching Aid

Expert validation was conducted to evaluate the suitability of the developed teaching aid as a learning
medium for UALM. Two validators assessed the product using criteria related to learning, the physical design of
the apparatus, product quality, and functionality. The assessment results were analyzed using Aiken’s V
coefficient. The validation results are presented in Table 2.

Table 2. Expert validation results for the developed teaching aid

Assessment aspect Validator 1 mean score  Validator 2 mean score  Aiken’s V. Category
Learning aspect 3.50 3.50 0.76 Valid
Apparatus design 3.40 3.40 0.79 Valid
Apparatus quality 3.00 3.66 0.77 Valid
Apparatus functionality 3.00 3.66 0.77 Valid
Overall result 3.23 3.56 0.77 Valid

As shown in Table 2, the overall Aiken’s V coefficient was 0.77, indicating that the teaching aid met
the validity criteria used in the study. The apparatus-design aspect obtained the highest coefficient (0.79), while
the learning aspect obtained a coefficient of 0.76. The product-quality and functionality aspects each obtained a
coefficient of 0.77.

These findings indicate that the apparatus was considered suitable for further testing as a physics
learning medium. The integration of an inclined track, infrared sensors, a microcontroller, and an LCD provides
a practical means of conducting motion experiments and displaying measurement results. Nevertheless, expert
validation establishes the assessed suitability of the product; it does not, by itself, establish measurement
accuracy or improved student learning outcomes. These aspects therefore require separate evaluation.

3.3. Technical Performance of the Teaching Aid

The technical performance of the apparatus was evaluated by comparing measured travel times with
theoretical calculations for different moving objects. The comparison was intended to examine whether the
apparatus produced measurements that were reasonably consistent with the calculated values under the
experimental conditions. The results are presented in Table 3.

Table 3. Comparison of measured and theoretically calculated travel times
Test object  Apparatus measurement (s) Theoretical calculation (s) Absolute difference (s)

Small cylinder 2.18 2.13 0.05
Toy car 2.25 2.22 0.03
Large cylinder 2.22 2.32 0.10

As shown in Table 3, the smallest difference was recorded for the toy car, at 0.03 s, followed by the
small cylinder, at 0.05 s. The largest difference was observed for the large cylinder, at 0.10 s. The discrepancies
between measured and calculated values may be associated with friction acting on the track and the moving
objects. The original study reported a friction coefficient of 0.06.

The apparatus was also evaluated by comparing the time measurements obtained from the infrared
sensor system with measurements from a stopwatch. The relationship between the two datasets yielded a
coefficient of determination (R?) of 0.9967. This indicates a strong linear relationship between the compared
measurements under the tested conditions.

However, the coefficient of determination should not be interpreted directly as an accuracy percentage.
A high (R?) indicates that the measurements follow a strong linear relationship, whereas accuracy requires an
assessment of the differences between measured values and an accepted reference standard. Accordingly, the
reported results support the potential of the apparatus for time-measurement activities, while further reporting of
calibration data, measurement errors, and repeated trials would provide a more comprehensive evaluation of its
technical performance.

3.4. Student Responses to the Teaching Aid

Student responses were collected to assess the perceived quality and usability of the developed teaching
aid. The small-scale response assessment involved 12 students selected to represent different levels of prior
physics achievement. After receiving instructions, the students used the apparatus and completed a response
questionnaire.

The overall results are summarized in Table 4.
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Table 4. Summary of student responses to the teaching aid

Assessment indicator Result
Number of respondents 12
Total response score 661

Mean score 55.08

Ideality percentage 91.8%

Overall category Very Good

The results show an overall ideality percentage of 91.8%, classified as “Very Good” in the original
study. This finding indicates that the students responded favorably to the developed teaching aid in the small-
scale evaluation.

The positive response may be related to the opportunity to observe motion directly and obtain travel-
time measurements through the LCD display. The use of infrared sensors also provides a structured procedure
for identifying when an object passes designated measurement points. These features may make experimental
activities more accessible and help students connect observations with quantitative data.

Nevertheless, the response questionnaire measures students’ perceptions of the apparatus rather than
their actual conceptual understanding. The high response percentage should therefore be interpreted as evidence
of favorable perceived quality and usability, not as a direct measure of learning effectiveness. The instructional
value of the apparatus must also be considered alongside the results of the pretest—posttest assessment.

3.5. Effectiveness of the Teaching Aid in Learning UALM

The instructional effectiveness of the developed teaching aid was examined by comparing students’
learning outcomes before and after the learning activities. The original study reported a statistically significant
difference between pretest and posttest scores, with a significance value of 0.000 in the statistical output. This
value should be reported as (p < 0.001), rather than as an exact probability of zero.

The normalized gain (N-gain) was 0.47, corresponding to an improvement percentage of approximately
47%. According to the classification used in the original study, this value fell within the moderate N-gain
category and was interpreted as indicating that the apparatus was sufficiently effective in the tested instructional
setting.

The effectiveness results are summarized in Table 5.

Table 5. Summary of instructional effectiveness results

Indicator Reported result Interpretation
Pretest—posttest hypothesis test (p <0.001) Statistically significant difference
N-gain 0.47 Moderate improvement
N-gain percentage Approximately 47% Sufficiently effective according to the original

study’s criteria

The statistically significant difference indicates that students’ test performance changed between the
pretest and posttest. The N-gain result further suggests that the improvement was moderate rather than maximal.
These findings provide preliminary evidence that learning activities using the automatic-timer-based UALM
teaching aid were associated with improved student performance in the study setting.

The apparatus may support learning by connecting abstract motion concepts with observable
experimental data. Students can observe an object moving along an inclined track, record the time intervals
detected by the infrared sensors, and examine the displayed results. Such activities provide opportunities to relate
experimental observations to the quantitative description of motion.

However, the results should be interpreted in light of the study design and sample. The instructional
evaluation was conducted on a limited scale, and the reported pretest—posttest comparison does not, by itself,
establish that the apparatus was the sole cause of the observed improvement. A larger study involving a
comparison group would provide stronger evidence regarding its effectiveness relative to other instructional
approaches [37], [38].

The findings indicate that the automatic-timer-based uniformly accelerated linear motion (UALM)
teaching aid demonstrates promising potential as a physics learning medium, although its technical quality and
instructional effectiveness should be interpreted separately. The expert validation coefficient (Aiken’s V = 0.77)
supports the assessed validity of the apparatus, while the student response score of 91.8% indicates favorable
perceptions of its usability and learning potential. The technical measurements also showed relatively small
differences between the apparatus readings and theoretical calculations, ranging from 0.03 to 0.10 s. In addition,
the reported coefficient of determination ((R*2=0.9967)) indicates a strong linear relationship between the
sensor-based measurements and the comparison measurements. However, this coefficient does not independently
establish measurement accuracy, and the moderate N-gain of 0.47 provides evidence of improvement without

Sch. Jo. Phs. Ed, Vol. 7, No. 5, October 2026: 278 - 288



Sch. Jo. Phs. Ed ISSN: 2716-1587 a 285

demonstrating that the apparatus alone caused the learning gains. Taken together, the findings suggest that the
apparatus is a promising instructional innovation, but further calibration, repeated measurements, and controlled
learning evaluations are required to establish its technical reliability and educational effectiveness more
conclusively.

The present findings are consistent with research emphasizing that experimental equipment plays an
important role in shaping students’ opportunities to observe and interpret physical phenomena. Bernhard [39], in
a study of students investigating motion on an inclined plane using different measurement technologies,
demonstrated that the equipment used influences which features of a physical phenomenon students can discern
and learn. This perspective supports the design of the present apparatus, in which infrared sensors and an LCD
make selected motion measurements more accessible to students. Nevertheless, the favorable response and
moderate learning gains in the present study should not be interpreted as evidence that automated measurement
automatically produces deeper conceptual understanding. Winkelmann et al. [40], in a large-scale study
involving 1,507 students, found no significant differences in content knowledge acquisition across three
practices of classroom experimentation, highlighting the importance of instructional processes rather than the
mere presence of experimental activities. Similarly, Tenzin et al. [34] reported that a combined simulation and
hands-on strategy was more effective for conceptual understanding of electric circuits than either strategy used
separately. Their findings suggest that the teaching aid developed in the present study may be more effective
when integrated with prediction, guided investigation, data interpretation, and reflective discussion rather than
used only to demonstrate motion or record time. Further support comes from Costu and Bayram [41], who found
that laboratory activities organized around predicting, explaining, observing, and discussing significantly
improved prospective teachers’ conceptual understanding. Coleman and Hosein [24] also reported that
preparatory laboratory simulations helped students visualize concepts, explore scenarios, and develop confidence
in their understanding, although overall laboratory assessment scores did not differ significantly between
cohorts. Collectively, these studies support the potential value of technology-enhanced experimentation while
emphasizing that equipment, instructional guidance, and opportunities to interpret evidence need to work
together.

The novelty of this study lies in the development and preliminary evaluation of an integrated,
automatic-timer-based teaching aid specifically designed for UALM. Unlike an apparatus that relies solely on
manual stopwatch operation, the developed product combines an inclined track, four infrared sensors, an
Arduino Uno R3 microcontroller, and an LCD to capture and display two motion-time intervals within a single
experimental setup. The development process also incorporated practical design modifications, including
replacing the motorized car with a manually operated car, making the track inclination adjustable, and adding
protective sensor housings. These features represent a context-specific design contribution that connects physical
experimentation with automated time measurement in a classroom-oriented device. The study further combines
expert validation, comparison with theoretical travel times, comparison with stopwatch measurements, student
responses, and a preliminary pretest—posttest evaluation. The contribution should therefore be understood as an
integrated design and initial evaluation of a specific teaching aid, rather than as proof that the device is superior
to all existing motion-measurement systems. Its distinctive value is the combination of accessible hardware, a
defined measurement procedure, and preliminary evidence of feasibility for secondary-school physics instruction
[42], [43].

The findings have practical implications for physics teachers, teaching-aid developers, and schools
seeking to provide more concrete experimental experiences in mechanics. For teachers, the apparatus can be
used to organize learning activities in which students predict the motion of an object, collect time data, compare
measurements with theoretical expectations, and discuss possible discrepancies. Such activities can shift
laboratory work beyond following procedures toward interpreting evidence and explaining physical
relationships. For developers, the differences between measured and theoretical travel times emphasize the need
to improve sensor positioning, standardize release procedures, calibrate the timing system, and account for
friction and other experimental uncertainties. For schools, the use of commonly available electronic components
may offer a practical option for supporting experimental learning where access to specialized equipment is
limited, although the actual cost, durability, and maintenance requirements should be assessed before broader
implementation. At the research level, the moderate N-gain indicates that future studies should examine not only
whether scores improve, but also which instructional activities help students connect measured time intervals
with displacement, velocity, and acceleration. A more informative evaluation would combine conceptual tests
with students’ experimental reports, observations of inquiry processes, and analyses of measurement errors.

The findings should be generalized cautiously because the instructional response assessment and
learning evaluation involved only 12 students in a small-scale trial. The results provide preliminary evidence of
feasibility and potential educational value, but they cannot establish that the same outcomes would occur across
different schools, grade levels, teachers, or laboratory conditions. The technical evaluation also has limitations:
the reported comparison involved a limited set of objects and time measurements, and the coefficient of
determination does not replace direct estimates of measurement error, uncertainty, or agreement with a calibrated
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reference instrument. In addition, the pretest—posttest results were obtained without a reported control group, so
factors such as prior knowledge, teacher guidance, repeated testing, and other learning activities may have
contributed to the observed improvement. The findings are therefore most appropriately interpreted as evidence
supporting further development and testing, rather than definitive causal evidence of instructional effectiveness.
Future research should involve larger and more diverse student samples, repeated trials across different track
inclinations and moving objects, explicit calibration against a reliable reference, and a comparison group using
conventional experimental procedures. Such studies would help establish the reproducibility, measurement
performance, and wider applicability of the apparatus in physics education.

4. CONCLUSION

This study concludes that the automatic-timer-based uniformly accelerated linear motion (UALM)
teaching aid was successfully developed by integrating four infrared sensors, an Arduino Uno R3, an inclined
track, and an LCD to measure the travel time of objects automatically. Expert validation yielded an overall
Aiken’s V value of 0.77, while student responses reached 91.8%, categorized as very good. The technical testing
revealed a very strong relationship between the sensor-based measurements and stopwatch measurements
(R* = 0.9967), while the instructional implementation achieved a normalized gain (N-gain) of 0.47, indicating a
moderate improvement. These findings suggest that the developed apparatus is a promising and engaging
instructional tool for supporting students’ understanding of UALM concepts, although its instructional
effectiveness requires further investigation. Future research should conduct more extensive technical testing with
additional trials and varied experimental conditions to assess measurement consistency and identify potential
sources of error. Further studies should also involve larger student samples and control groups to provide
stronger evidence of the apparatus’s effectiveness in improving students’ conceptual understanding of UALM.
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